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Experimental 

Crystal data 

[Co(C 21 H 16 N 4 ) 2 ][Co(NCS) 4 ]-CH 4 0 

M r = 1026.96 

Monoclinic, F2j 

a = 8.903 (3) A 

b = 21.732 (6) A 

c = 12.335 (4) A 

P = 108.480 (4)° 



d-UOH 



V = 2263.4 (11) A 3 
Z = 2 

Mo Ka radiation 
li = 0.97 mrrT 1 
T = 100 K 

0.70 x 0.20 x 0.10 mm 



Received 22 January 2014; accepted 8 February 2014 



Key indicators: single-crystal X-ray study; T = 1 00 K; mean tr(C-C) = 0.004 A; 
disorder in solvent or counterion; R factor = 0.034; wR factor = 0.071 ; data-to- 
parameter ratio = 17.4. 



The title complex, [Co(C 2 iH 16 N 4 ) 2 ][Co(NCS) 4 ]-CH 3 OH, 
consists of one [Co{C(py) 4 } 2 ] 2+ complex cation [C(py) 4 = 
tetrakis(pyridin-2-yl)methane], one [Co(NCS) 4 ] 2 ~ complex 
anion and a methanol solvent molecule. In the cation, the 
Co 11 atom is coordinated by six N atoms of two C(py) 4 ligands 
in a distorted octahedral geometry. In the anion, the Co 11 atom 
is coordinated by the N atoms of four NCS~ ligands in a 
distorted tetrahedral geometry. The methanol molecule is 
disordered and was modelled over three orientations (occu- 
pancies 0.8:0.1:0.1). There are two weak hydrogen-bond-like 
interactions between the methanol solvent molecule and 
NCS~ ligands of the anion [O- • S = 3.283 (3) and 3.170 (2) A]. 



Data collection 

Rigaku Saturn724 diffractometer 
Absorption correction: multi-scan 
(REQAB; Rigaku, 1998) 
= 0.796, T mla = 0.908 



Refinement 

R[F 2 > 2a(F 2 )] = 0.034 
W R(F 2 ) = 0.071 
S = 1.01 

10355 reflections 
596 parameters 
4 restraints 

H-atom parameters constrained 



Table 1 

Selected bond lengths (A). 



Col-Nl 
Col-N2 
Col-N3 



2.169 (3) 
1.999 (2) 
1.923 (3) 



35095 measured reflections 
10355 independent reflections 
9357 reflections with F 2 > 2.0o-(F 2 ) 
R iM = 0.039 



Ap max = 0.49 e A 

A,o min = -0.35 e A~ 3 

Absolute structure: Flack (1983), 

5024 Friedel pairs 
Absolute structure parameter: 

-0.008 (8) 



Col-N5 
C0I-N6 
Col-N7 



2.166 (2) 
1.996 (2) 
1.923 (3) 



Related literature 

For details of polypyridyl complexes, see: Hayami et al. (2011); 
Kalyanasundaram & Gratzel (1998). For Co-tris(pyridin-2- 
yl)methane complexes, see: Adam et al. (1997). For tetra- 
kis(pyridin-2-yl)methane, see: Matsumoto et al. (2003). 



Data collection: CrystalClear (Rigaku, 2008); cell refinement: 
CrystalClear; data reduction: CrystalClear. program(s) used to solve 
structure: SIR92 (Altomare et al, 1994); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: Crys- 
talStructure (Rigaku, 2010); software used to prepare material for 
publication: CrystalStructure. 
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electronic archives (Reference: PK2517). 
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Bis[tetrakis(pyridin-2-yl)methane-A: 3 N r N f ,N ff ]cobalt(ll) tetrakis(thiocyanato- 
/cN)cobaltate(ll) methanol monosolvate 

YuyaTsunezumi, Kouzou Matsumoto, Shinya Hayami, Akira Fuyuhiro and Satoshi Kawata 

1 . Comment 

The coordination chemistry of polypyridyl complexes has been studied extensively due to their coordination ability as 
ligands, but also due to the possibility to induce strong cooperative effects by intermolecular aromatic interactions which 
can be utilized in molecular devices and magnetic switches (Hayami etal, 2011; Kalyanasundaram et ah, 1998). Among 
numerous polypyridine ligands tris(pyridin-2-yl)methane, CH(py) 3 , and its derivatives were synthesized and their metal 
complexes have been studied because of the presence of tripodal ^-acceptor ligands. Tetrapyridylmethane would be an 
especially useful building block for the construction of tetrahedral networks through complexation with transition metal 
complexes (Matsumoto et al, 2003). 

The ligand is tetradentate. However, one of pyridines does not coordinate to the cobalt ion. As a result, [Co{C(py)4}] 2+ 
(C(py)4 = tetrakis(pyridin-2-yl)methane) is mononuclear with the cobolt atom Co(l) coordinated to two C(py)4 ligands. 
The distances of Co(l) - N(2, 3, 6, 7) are shorter than those of Co(l) - N(l, 5), which exhibits a distorted CoN6 
octahedron. The average coordination bond Co-N distance in the cation (Co - N 2.029 A) is shorter than that in the Co 11 
complex of CH(py) 3 (Co - N 2.109 A) (Adam et al, 1997). This result suggests that the spin state of [Co{C(py) 4 } 2 ] 2+ is 
the low spin state. In contrast, the spin state of the Co 11 ion in [Co{CH(py) 3 } 2 ] 2+ is the high spin state. 

There is intermolecular it-it stacking between the pyridine ring in coordinated C(py) 4 of the cation and NCS ligand of 
the anion. The length between C(9) and C(45) is 3.500 (5) A. There are two weak hydrogen-bond-like interactions 
between methanol solvent molecule and NCS ligands of the anion [01 - SI is 3.283 (3) A, 02 - S4 is 3.170 (2) A]. 

2. Experimental 

A methanol solution (10 ml) of Co(C10 4 ) 2 -6H 2 0 (26 mg, 10 mmol) and KSCN (39 mg, 40 mmol) was treated dropwise 
by cannula transfer with a methanol solution (10 ml) of C(py) 4 (32 mg, 10 mmol). The reaction mixture was stirred 
overnight, to give green crystals in 50% yield. 

3. Refinement 

The C-bound hydrogen atoms in the C(py) 4 were placed at calculated positions, C-H 0.950 A, and were treated as riding 
on their parent atoms with Ci S0 (H) set to 1.2 U eq (C). The oxygen atom of the methanol solvent molecule was modelled as 
disordered over three sites with occupation ratio of 8:1:1, and it was refined isotropically. The hydrogen atoms were not 
included for the occluded methanol molecule due to the fact that they could not be located in the difference map. 

Computing details 

Data collection: CrystalClear (Rigaku, 2008); cell refinement: CrystalClear (Rigaku, 2008); data reduction: CrystalClear 
(Rigaku, 2008); program(s) used to solve structure: SIR92 (Altomare et al, 1994); program(s) used to refine structure: 
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SHELXL97 (Sheldrick, 2008); molecular graphics: CrystalStructure (Rigaku, 2010); software used to prepare material for 
publication: CrystalStructure (Rigaku, 2010). 




Figure 1 

An ellipsoid plot drawing of the title complex, showing 50% probability displacement elipsoids. 

Bis[tetrakis(pyridin-2-yl)methane-K 3 iV,iV',iV"]cobalt(ll) tetrakis(thiocyanato-KA/)cobaltate(ll) methanol 
monosolvate 



Crystal data 

[Co(C 2 iH 16 N4)2][Co(NCS)4]-CH 4 0 

M r = 1026.96 

Monoclinic, P2\ 

Hall symbol: P 2yb 

a = 8.903 (3) A 

6 = 21.732 (6) A 

c= 12.335 (4) A 

0= 108.480(4)° 

V= 2263.4 (11) A 3 

Z=2 



F(000) = 1048.00 

£>*= 1.507 MgrrT 3 

Mo Ka radiation, 1 = 0.71075 A 

Cell parameters from 7489 reflections 

6> = 3.1-27.5° 

fi = 0.97 mm- 1 

T= 100 K 

Platelet, green 

0.70 x 0.20 x 0.10 mm 
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Data collection 

Rigaku Saturn724 

diffractometer 
Radiation source: Mo-Ka 
Graphite monochromator 
Detector resolution: 7.111 pixels mm 1 
co scans 

Absorption correction: multi-scan 
(REQAB; Rigaku, 1998) 



■ 0.796, T m 



0.908 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F* > 2^)] = 0.034 
wR{F 2 ) = 0.071 
S = 1.01 

10355 reflections 
596 parameters 
4 restraints 
0 constraints 

Primary atom site location: structure-invariant 
direct methods 



35095 measured reflections 
10355 independent reflections 
9357 reflections with F 2 > 2.0ct(F) 
tf ht = 0.039 

#max = 27.5° 
/* = -ll->ll 

£=-28->28 
/ = -16— 16 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w= lV^ 2 ) + (0.0341P) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/<r) max = 0.001 
A/w = 0.49 e A" 3 
A/w^-0.35 e A -3 

Absolute structure: Flack (1983), 5024 Friedel 
pairs 

Absolute structure parameter: -0.008 (8) 



Special details 

Geometry. ENTER SPECIAL DETAILS OF THE MOLECULAR GEOMETRY 

Refinement. Refinement was performed using all reflections. The weighted 7?-factor (wR) and goodness of fit (S) are 
based on F 2 . i?-factor (gt) are based on F. The threshold expression of F 2 > 2.0 aiF 2 ) is used only for calculating i?-factor 
(gt). 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *IU 

^ iso I ^ eq 


Occ. (< 


Col 


0.92921 (4) 


0.267330(16) 


0.12705 (3) 


0.01337 (7) 




Co2 


0.68958 (4) 


-0.017879(16) 


0.32111 (3) 


0.02202 (8) 




SI 


0.60841 (10) 


0.08300 (4) 


0.63708 (7) 


0.0428 (3) 




S2 


0.27520 (8) 


-0.00264 (3) 


-0.02897 (6) 


0.02743 (16) 




S3 


1.15687 (8) 


0.04825 (3) 


0.25418 (7) 


0.02932 (16) 




S4 


0.80609 (9) 


-0.22424 (4) 


0.44057 (6) 


0.03224(17) 




01 


0.6953 (4) 


0.21625 (13) 


-0.2326 (3) 


0.0426 (7)* 


0.8000 


02 


0.553 (3) 


0.2545 (11) 


-0.4248 (14) 


0.0426 (7)* 


0.1000 


03 


0.568 (3) 


0.2338 (10) 


-0.2633 (19) 


0.0426 (7)* 


0.1000 


Nl 


1.1687 (3) 


0.23180(10) 


0.17071 (17) 


0.0179 (5) 




N2 


0.8538 (3) 


0.18862 (9) 


0.04369 (17) 


0.0164 (5) 




N3 


0.9621 (3) 


0.29708 (9) 


-0.01050(17) 


0.0145 (4) 




N4 


1.2984 (3) 


0.17133 (11) 


-0.10782(19) 


0.0239 (5) 




N5 


0.6893 (3) 


0.30239 (10) 


0.07976(17) 


0.0168 (5) 




N6 


1.0051 (3) 


0.34582 (9) 


0.21040 (17) 


0.0164 (5) 




N7 


0.8943 (3) 


0.23901 (9) 


0.26477 (17) 


0.0160 (5) 




N8 


0.5567 (3) 


0.37038 (12) 


0.35210(18) 


0.0240 (5) 




N9 


0.6644 (3) 


0.03202 (11) 


0.4469 (2) 


0.0283 (6) 
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(13) 


0.0004 (13) 


C42 


0.0238 


(15) 


0.053 (2) 


0.0246 


(16) 


0.0135 (14) 


0.0127 


(13) 


0.0048 (14) 


C43 


0.0203 


(14) 


0.0198 


(14) 


0.0320 


(16) 


-0.0010(11) 


0.0076 


(12) 


0.0006 (12) 


C44 


0.0248 


(14) 


0.0177 


(14) 


0.0315 


(15) 


-0.0006(11) 


0.0160 


(12) 


-0.0013 (11) 
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C45 0.0306 (16) 0.0167 (13) 0.0279(15) 

C46 0.0172 (13) 0.0289 (16) 0.0175 (13) 
C47 0.046(2) 0.080(3) 0.0289(17) 
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0.0071 (12) 0.0105 (13) 0.0020(11) 

-0.0014(11) 0.0070(11) 0.0000(11) 
-0.009 (3) 0.0069(15) -0.003 (2) 



Geometric parameters (A, ") 



Col— Nl 


2.169 (3) 


C18— C19 


1.382 (5) 


Col— N2 


1.999 (2) 


CI 9— C20 


1.358 (5) 


Col— N3 


1.923 (3) 


C20— C21 


1.387 (4) 


Col— N5 


2.166 (2) 


C22— C23 


1.539 (3) 


Col— N6 


1.996 (2) 


C22— C28 


1.557 (4) 


Col— N7 


1.923 (3) 


C22— C33 


1.562 (4) 


Co2— N9 


1.964 (3) 


C22— C38 


1.533 (4) 


Co2— N10 


1.945 (2) 


C23— C24 


1.390 (4) 


Co2— Nil 


1.945 (3) 


C24— C25 


1.384 (4) 


Co2— N12 


1.955 (3) 


C25— C26 


1.383 (5) 


SI— C43 


1.632 (4) 


C26— C27 


1.377 (4) 


S2— C44 


1.623 (3) 


C28— C29 


1.388 (4) 


S3— C45 


1.615 (4) 


C29— C30 


1.386 (4) 


S4— C46 


1.621 (3) 


C30— C31 


1.378 (4) 


01—03 


1.14(3) 


C31— C32 


1.375 (4) 


01— C47 


1.444 (5) 


C33— C34 


1.391 (4) 


02— C47 


1.350 (16) 


C34— C35 


1.387 (4) 


03— C47 


1.33 (3) 


C35— C36 


1.367 (5) 


Nl— C2 


1.336 (4) 


C36— C37 


1.381 (5) 


Nl— C6 


1.351 (3) 


C38— C39 


1.394 (4) 


N2— C7 


1.344 (4) 


C39— C40 


1.371 (5) 


N2— Cll 


1.354 (4) 


C40— C41 


1.383 (5) 


N3— C12 


1.345 (4) 


C41— C42 


1.371 (4) 


N3— C16 


1.351 (4) 


C3— HI 


0.950 


N4— C17 


1.349 (4) 


C4— H2 


0.950 


N4— C21 


1.360 (5) 


C5— H3 


0.950 


N5— C23 


1.341 (4) 


C6— H4 


0.950 


N5— C27 


1.340 (3) 


C8— H5 


0.950 


N6— C28 


1.339 (4) 


C9— H6 


0.950 


N6— C32 


1.358 (4) 


C10— H7 


0.950 


N7— C33 


1.342 (4) 


Cll— H8 


0.950 


N7— C37 


1.343 (4) 


CI 3— H9 


0.950 


N8— C38 


1.341 (4) 


C14— H10 


0.950 


N8— C42 


1.339 (5) 


C15— Hll 


0.950 


N9— C43 


1.146 (5) 


C16— H12 


0.950 


N10— C44 


1.166 (3) 


C18— H13 


0.950 


Nil— C45 


1.162 (4) 


C19— H14 


0.950 


N12— C46 


1.163 (4) 


C20— HI 5 


0.950 


CI— C2 


1.548 (3) 


C21— H16 


0.950 


CI— C7 


1.551 (4) 


C24— H17 


0.950 


CI— C12 


1.557 (4) 


C25— HI 8 


0.950 


CI— C17 


1.539 (4) 


C26— HI 9 


0.950 


C2— C3 


1.397 (4) 


C27— H20 


0.950 


C3— C4 


1.382(4) 


C29— H21 


0.950 
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C4 — C5 


1 OA /C\ 

1.380 (5) 


C30 — H22 


A ACA 

0.950 


C5 — C6 


1.380 (4) 


C31 — H23 


0.950 


C7 — C8 


1.385 (4) 


C32 — H24 


A AC A 

0.950 


C8 — C9 


1.376 (4) 


C34 — H25 


A AC A 

0.950 


C9 — CIO 


1 TOO /f\ 

1.388 (5) 


C35 — H26 


A fiCA 

0.950 


CIO— Cll 


1.377 (4) 


C36— H27 


0.950 


C12— C13 


1.397 (4) 


C37— H28 


0.950 


C13 — C14 


1.383 (4) 


C39 — H29 


0.950 


C14 — C15 


1.381 (5) 


C ' A f \ T T") A 

C40 — H30 


A ACA 

0.950 


C15 — C16 


1.376 (4) 


C41 — H31 


0.950 


C17 — C18 


1.375 (4) 


C42 — H32 


A AC A 

0.950 


Col— CI 


i a a 1 /") \ 

3.091 (3) 


rill "H28 


2.321K 


Col— C22 


3.087 (3) 


T A T T") A 

H29—H30 


2.3292 


Nl— C4 


2.763 (4) 


T TO A T TO 1 

H30-H31 


2.3560 


Nl— C7 


2.930 (3) 


H31— H32 


2.3059 


JN1-C12 


^ 0*70 /"}\ 

2.878 (3) 


/~i TTliv 


3.4945 


XT 1 nil 

Nl— C32 


3.140 (4) 


Co2—H3l 


O A^ A A 

3.0294 


Nl— C37 


3.197 (4) 


S1—H13 1 


3.0767 


N2— C2 


3.004 (4) 


CM T T 1 Cxiii 

Sl—H15 xl " 


3.0240 


N2—C9 


2.763 (4) 




3.2595 


N2— C12 


2.916 (4) 


O 1 T y> 1 xii 

Sl—H22 x " 


O AC^ T 

3.0523 


N2-C27 


3.238 (4) 


Sl—H23 xu 


3.3128 


N2—C37 


3.070 (4) 


S1 — H26 


3.2479 


XT'? 

N3— C2 


3.086 (3) 


C^l TT1 iv 


1 1 A OA 

3.1080 


N3—C7 


3.011 (4) 


O >"> T T C iv 

S2—H5 lv 


2.9307 


N3— C14 


2.763 (4) 


S2-H7 


3.2842 


XT1 /~< r\ i-i 

N3—C27 


3.193 (4) 


CI T T 1 ^ ii 

S2—H12" 


2.9513 


N3—C32 


"1 AC 1 /I \ 

3.051 (3) 


;>2— H21 


O TOT! 

3.3827 


N4— C2 


2.926 (4) 


C" 1 T T 1 1 yiv 

S3-H11 X1V 


2.9582 


N4—C3 


2.875 (4) 


S3---H28 


2.8068 


N4—C12 


1 All / A \ 

3.211 (4) 


0 1 T T1 Axii 

S3-H30 xu 


^ A"7A^ 

2.9702 


N4—C13 


3.157 (4) 


C A T T A xii 


2.9633 


XT /I 1 a 

N4—C19 


2.752 (4) 


O /I t T Axiv 

S4-H9 


3.2081 


N5— Cll 


3.159 (4) 


C* A T T 1 Axiv 

S4—H10 X1V 


3.4464 


N5—C16 


•"> 1 A £1 i A\ 

3.146 (4) 


A T Axii 

S4-H29 


O /I A A A 

3.4004 


N5—C25 


2.757 (4) 


/— \ 1 TT1 ^ 

Ul 'HI 3 


2.5745 


N5—C28 


2.933 (3) 


/-"\ -i T T 1 /'iv 

Ol— H16 v 


2.7439 


N5—C33 


2.849 (3) 


O1---H20 


2.4807 


XT/" /" < / 

N6--C6 


3.299 (4) 


/"\ -\ TTTvi 

02-H3 


^ A A CA 

2.4450 


No— Clo 


AO C /^l \ 

3.025 (4) 


/ TT/lvi 

U2 'H4 


3.3876 


N6—C23 


3.033 (4) 


02---H25 


2.5093 


N6—C30 


2.762 (4) 


02-H26 1 " 


2.9937 


N6—C33 


2.908 (4) 


02-H32 1 " 


3.4697 


N7-C6 


3.228 (4) 


03-H16 iv 


2.3635 


N7-C11 


3.051 (3) 


03-H19 


3.1596 


N7-C23 


3.098 (3) 


O3-H20 


2.3123 


N7-C28 


3.003 (4) 


N4-H7 1X 


3.3888 


N7-C35 


2.762 (4) 


N4-H8 1X 


3.3831 
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i aao / /i \ 

2. 90s (4) 


XT/I TTOAix 


3.5510 


\to P 4 O a 

N8—C24 


2.848 (4) 


N8---H23 


3.1468 


\to POO 

N8—C33 


O O O 1 //IN 

3.231 (4) 


X TO T A iv 

N8—H24' v 


3.2677 


No-"C34 


3.164 (4) 


xta TT^>iv 

N9"H2 


O A 1 /I O 

3.0143 


JN8—L40 


2.773 (4) 


JN9--H14 


3.5768 


C2-C5 


i Tin / /i \ 

2.739 (4) 


N9---H22 x " 


3.4229 


p O 

C2---C8 


1 111 / ^ \ 

3.313 (4) 


N9--H26 


O O AC C 

3.2955 


C3-C6 


2.722 (4) 


N9---H27 


3.1390 


p O rin 


3.354 (4) 


XTA Tn 1 vii 


AO A £ 

2.9846 


C3--C17 


3.001 (4) 


X Jf\ T TO 1 vii 

N9---H32™ 


3.5847 


p /- p o /-» 

C6-C32 


3.342 (4) 


\ti a TTliv 

N10--H1 1V 


O O OA! 

3.3897 


C6-C37 


3.179 (5) 


XT 1 A T T1 iv 

N10---H2 IV 


3.1826 


L7-C10 


O H A A / A\ 

2.749 (4) 


XT 1 n Jin 

N10---H7 


2.9896 


C7---C18 


2.915 (4) 


XT1A TTIOii 

N10---H18" 


O /I o c o 

3.4258 


C8--C11 


2.707 (4) 


XT 1 A T TO 1 vii 

N10---H31™ 


3.2347 


C8--C17 


2.921 (4) 


N11--H7 


3.5896 


/"< o pi o 

C8---L18 


'I AAA /C\ 

2.900 (5) 


XT 1 1 TT 1 Axiv 

JN11'"H10 


1 ^ A \\ A 


ni i PO "7 

C11--C27 


O O 1 A S A\ 

3.314 (4) 


XT11 TT11 xiv 

N11—H11 X1V 


O O O A 1 

3.2891 


p -1 i p -) -7 

C11---C37 


3.066 (4) 


X T 1 1 T TO "7 

N11---H27 


O O O O A 

2.8889 


P i o pi r 


2.766 (4) 


XT1 1 T T1 O 

N 11 -Hzo 


1 A "7 A/T 

3.4706 


rin no 


3.164 (4) 


XT 1 1 T TT Axii 

N11--H30 


1 A 1 1 A 

2.9110 


pi 1 p 1 /" 

C13-C16 


2.702 (4) 


XT1 O TT1 Axiv 

N12—H10 X1V 


O O O/" 

2.8686 


C13--C17 


2.726 (4) 


XT 1 O T T 1 Aii 

N12---H19 


3.0149 


rii o /"< 1 O 


"5 1 C\H / A\ 

3.197 (4) 


XT 1 1 TT1 Axii 

N 12"Hz9 


"5 AT A A 

3.0394 


C16—C27 


3.184 (4) 


XT 1 T TT1 1 vii 

N12--H31 


2.8535 


C16-C32 


3.059 (4) 


XT1 O TTOOvii 

N12—H32 v " 


2.9685 


p i -7 p ^\ r\ 


2.736 (5) 


PO TTTix 

C3--H7' x 


3.3847 




2.721 (5) 


p O TTOix 

C3-H8 1X 


■0 1/1 C\£L 

3.1406 


C23--C26 


2.743 (4) 


A TTOix 


3.2538 


p i o po a 

C23-C29 


3.345 (4) 


C5--H25" 1 


3.2571 


P o o p o /i 

C23—C34 


3.558 (4) 


/" -• ^ t to /"ix 

C5-H26 


3.5358 


/-"l A PO"7 


2.713 (4) 


/^i O TTOOxiv 

C8---H22 


■5 COCA 

3.5854 


P O A / O 


3.410 (4) 


/^A TTOOxiv 

C9-H23 


■5 /IOTA 

3.4830 


f~if\ A P O O 

C24---C38 


3.041 (4) 


p 1 (\ TTliv 

C10-H1 1V 


3.3019 


p ^ o P O 1 

C28---C31 


2.737 (4) 


p -\ r\ T T 1 /"iv 

C10-H16 1V 


3.0766 


pto p o n 


2.943 (4) 


pi 1 TT 1 iv 


o Kin 

3.4519 


Pin p o o 

C29—L32 


o Tin / a\ 

2.719 (4) 


pi 1 TTIZTiv 


3.2416 


p o rv p o o 

C29—C38 


2.893 (4) 


p 1 o T T 1 Oix 

C13--H18 1X 


3.4035 


P <~\ r\ p o r\ 

C29—C39 


2.919 (5) 


p 1 o T T 1 Aix 

C13---H19 


2.9967 


C33--C36 


2.747 (4) 


TTIOix 

L14-H18 


"i A/Tin 

3.0639 


p O O /" ")A 

C33--C39 


~t ni / a\ 

3.171 (4) 


f^t A TT 1 Aix 

L14--H19 


3.1690 


p o ^ p o -7 

C34—C37 


2.701 (5) 


\ A T TO Aiii 

G14—H30 1 " 


2.9791 


p o -i POO 

C34—C38 


2.711 (4) 


pi 1 r 1 T T 1 O ix 

C15—H18 


O O A O A 

3.2480 


/~ i '5 /i p*} a 
C34-Lj9 


j.194 (4) 


nii T_T"5 Aiii 


■5 AO "7T 


C38-C41 


2.735 (5) 


C18-H22 XIV 


3.0549 


C39-C42 


2.688 (5) 


C18-H26 1 " 


3.5166 


SI— 01' 


3.283 (3) 


C19-H21 X1V 


3.4870 


81-03' 


3.56(3) 


C19-H22 X1V 


2.8533 


S2-C24" 


3.550 (3) 


C19-H26 m 


3.2047 
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OO /""OAm 

S2---C29 


O 1 A O fl \ 

3.343 (3) 


C19- 




O ^ At t 


C O /" "* O Aii 

S2---G30" 


O C A A 

3.540 (3) 


C21- 


•H7' x 


3.4058 


S3—C3 


O ^1/" ZO\ 

3.426 (3) 


C21- 


•H20' x 


-t C A A A 

3.5940 


S3--C4 


-) O >l ZO\ 

3.384 (3) 


L24- 


TTO t iv 

•H23 


3.3883 


C A /"\Oii 


'JIT ZO\ 

3.17 (2) 


L24- 


T TO A iv 

•H24 


i 1 Azn 

3.1U63 


S4--03" 


3.48 (2) 


C25- 


•H24 1V 


3.2782 


/"\ 1 O 1 iii 

Ol— Sl m 


o ^oi /o\ 

3.283 (3) 


(Jib- 


H9' v 


O OA 1 1 

3.2911 


01---N2 


3.304 (4) 


C30- 


H5 XV 


3.3489 


01---N3 


O A O A /A \ 

3.480 (4) 


C30- 


TT 1 A xv 

•HI 4 


3.3230 


01-C7 


3.201 (4) 


C30- 


•H32 1X 


3.4865 


01--C12 


o oo a / -1 \ 

3.229 (4) 


C31- 


H6 XV 


3.2473 


01—L13 


3.526 (4) 


C31- 


TT 1 Tix 

■H17 


O O C AA 

3.2599 


01--C18 


O ICO /c\ 

3.358 (5) 


C31- 


T TT O ix 

H32 


z.8544 


01--C21 1V 


O CAA /f\ 

3.590 (5) 


C32- 


H17 lx 


O ") AAA 

3.3900 


01---C27 


3.418 (5) 


C32- 


•H32 1X 


3.0956 


02---S4 v 


3.17 (2) 


C34- 


•H2 1V 


3.5588 


(J2-C5 


o TO/: / 1 o\ 

3.286 (18) 


C34- 


T T~i iv 


O A AAO 

3.0008 


02---C34 1 " 


O 1 C /O \ 

3.25 (3) 


C35- 


•H2 1V 


3.1687 


/"~\0 O C iii 

02--C35 1 " 


3.48 (3) 


C35- 


•H3 1V 


O AO O O 

3.0382 




3.56 (3) 


C35- 


TT 1 A i 

H14 


O 1 A 1 1 

3.1011 


<Jz--C4z 


o in /o\ 

3.37 (3) 


C36- 


TTi iv 

Hz 


3.3482 


02-C46 v 


O /I A /I \ 

3.49 (3) 


C36- 


T T 1 /I i 

•H14 1 


O AO 1 A 

3.0210 


03---S1 1 " 


3.56 (3) 


C39- 


H10 1 


3.4058 


(J3---S4 


3.48 (2) 


C40- 


T T 1 Ai 

H10 


O AO *7zT 

3.0376 


/~\o *~<o 1 iv 

03---C2r v 


~> aa /")\ 

3.00 (3) 


C40- 


TT 1 1 i 

■Hll 


3.3616 


03-C26 


3.55 (3) 


C42- 


•H23 lv 


3.1559 


03---C27 


3.15 (3) 


C43- 


•H2 1V 


3.4102 


XTO /"\ 1 


O 1 f\A {A \ 

3.304 (4) 


C43- 


TT 1 A I 

H14 


O T CO 1 

3.3521 


XT'? /'A 1 

N3-01 


1 A Of\ / A\ 

3.480 (4) 


C43- 


TTT^xii 

•H22 


O A AAO 

2.9908 


X TO ") 1 iv 

N8---G31 


3.582 (4) 


C43- 


H26 


2.9811 


\Tfv a 1 vii 


3.575 (4) 


C43- 


•H27 


3.5527 


N11--C36 


3.516 (4) 


C43- 


IT1 1 vii 

H31 


1 1 A O A 

3.3429 


XT 1 O /l 1 vii 


3.496 (5) 


L44- 


T T 1 iv 

HI 


2.9742 


XT 1 1 /"< A O vii 

N12---C42™ 


3.577 (5) 


C44- 


•H2 1V 


3.5865 


C3---S3 


3.426 (3) 


C44- 


•H7 


2.8061 


C4-S3 


3.384 (3) 


r~\ A A 

L44- 


TT 1 1 ii 
Hll 


O C O" A/T 

3.5796 


✓"'C /"\Oviii 


3.286 (18) 


A A 

L44- 


T T 1 O ii 

•HI 2 


O TOO/' 

3.3826 


C5---G34 1X 


O /I A A / /I \ 

3.409 (4) 


C44- 


HI 8" 


3.4128 


C5--C35 1X 


3.572 (4) 


C45- 


H6 


3.5878 


C7--01 


•7 OA 1 / /I \ 

3.201 (4) 


C45- 


TT 1 Axiv 

•H10 


O C /I AC 

3.5405 


/"'A r*ic 

C9-L45 


3.499 (4) 


C45- 


T T 1 1 xiv 

Hll 


2.8421 


02---01 


3.229 (4) 


C45- 


•H27 


2.9043 


/"I 1 /-^v 1 

03—01 


3.526 (4) 


C45- 


t ti o 

•H28 


o om 1 

2.8971 


C13'"L26 


3.441 (4) 


A C 

C45- 


T_T"5 Axii 
H30 


2.60o0 


C14-C40" 1 


3.551 (4) 


C46- 


•H9 xiv 


3.4908 


C18-01 


3.358 (5) 


C46- 


•H10 XIV 


2.8188 


C2101 IX 


3.590 (5) 


C46- 


•HI 9" 


3.0011 


C21-03 ix 


3.00 (3) 


C46- 


•H29 x " 


2.8950 


C24-S2 V 


3.550 (3) 


C46- 


. H31 vii 


3.4367 
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f ' ~\ r g-\ A A v 

C25--C44 v 


3.402 (5) 


/I /" TTT^vii 


1 AA 1 1 

2.9911 


C26-03 


3.55 (3) 


C47--H13 


3.5427 


C26—C13™ 


O AAA S A \ 

3.441 (4) 


/-i/in t T1 A 

C47---H20 


"> Ann 

3.0379 


C27--OI 


1 A 1 O /C\ 

3.418 (5) 


AH T T1 Ciii 

C47"'Hz5 


3.1664 


C27-03 


3.15 (3) 


AH TTO/Tiii 

C47"-Hz6 


3.3628 


G29-"S2 V 


O O /1 1 /O \ 

3.343 (3) 


T T 1 O ^ ix 


3.1080 


C30---S2 V 


3.540 (3) 


T T 1 XT 1 Aix 

H1---N10 1X 


3.3897 


/~10 A / ^ /I O x 

C30--C43 x 


3.556 (4) 


T T 1 f ' 1 Aix 

H1-C10 1X 


3.3019 


/"^O 1 XTOix 


3.582 (4) 


TT 1 1 1 ix 


3.4519 


C31---C42" 1 


3.438 (4) 
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138.1 (3) 


p 1 XT1 Z' "* /l /^f 

Col — Nl — Co — C5 


1 C A )1 / 1 0\ 

159.32 (18) 


PO 7 p -> -> p -) 0 XTO 

C23 — C22 — C3 8 — N 8 


on a si \ 

29.4 (3) 


po xti pz; f ' c 
Cz — JN 1 — Co — CD 


-2.7 (4) 


r~"^)i poo pto /~"2n 
C23 — C2z — C38 — C39 


1 CO 1 /o\ 

— 159.3 (Z) 


p / XT1 /"i 0 p \ 

Co — Nl — C2 — CI 


175.7 (2) 


p 0 0 POO /" " O O \Tf 

C38 — C22 — C23 — N5 


1 /" O A /ON 

-168.0 (2) 


p < XT1 /" 0 PO 

Co — Nl — C2 — C3 


4.4 (4) 


p 0 0 POO P O O /" < 0 /I 

C3 8 — C22 — C23 — C24 


18.8 (4) 


p 1 XTO P 1 

Col — JN2 — C7 — CI 


—14.6 (3) 


POO POO p "> "> XT*7 

C28 — C22 — C33 — N7 


/IOC /o \ 

-48.5 (3) 


P _ 1 XTO PO" PQ 

Col — Nz — C / — Co 


icq in 

158.10 (13) 


poo poo pn p^-i 
C28 — Czz — C33 — C34 


1 oo o /o\ 
13Z.8 (Z) 


Col — N2 — Cll — CIO 


1/") A1 /1/1\ 

-163.01 (14) 


p O O /" O O PO O XT/ 

C33 — C22 — C28 — N6 


41.9 (3) 


/~*0 XTO /"" 1 1 p i A 

C7 — N 2 — C 1 1 — C 1 0 


1 O /") \ 

3.8 (3) 


P 7 7 poo p 0 0 ron 

C3 3 — C22 — C2 8 — C29 


1 /i o oo" / 1 n\ 

-143.27 (19) 


pi 1 XT'"* r"7 /~i 1 

C 1 1 — N2 — C7 — C 1 


1 TO T 1 f 1 T\ 

178.71 (17) 


POO POO p 7 O XTO 

C28 — C22 — C38 — N8 


1 /I £L OO / 1 A\ 

146.82 (19) 


1 1 XTO p O 

Cll — JN 2 — C / — Co 


—8.6 (3) 


poo poo poo p 7 n 
C2 8 — C22 — C3 8 — C3 9 


—41.9 (3) 


c • 1 XT') p 1 

Col — JN3 — C12 — CI 


4.3 (3) 


p 7 o poo poo \T/: 

C3 8 — C22 — C28 — JN 6 


1 C O OO / 1 H\ 

158.87 (17) 


p 1 XT') rn 

Col — IN 3 — C12 — C13 


\ H A O /ION 

-174.53 (12) 


p 7 o p o o no nn 

C3 8 — C22 — C28 — C29 


OjC O ZO\ 

-26.3 (3) 


p„ 1 XTO P 1 £ ftif 

Col — N3 — Clo — C15 


1 H A CO /I A\ 

174.58 (14) 


POO POO POO XTO 

C33 — C22 — C38 — N8 


no a /o\ 

-92.4 (3) 


PH XT') pi /-_ PIC 

C12 — JN3 — Clo — C15 


-2.0 (3) 


p 7 7 poo p 7 o POA 

C33 — C22 — C38 — C39 


OO A ZO\ 

78.9 (3) 


p 1 / XT') P11 pi 

C 1 0 — JN 3 — C 1 2 — C 1 


1 in 11 / 1 t\ 

-179.21 (17) 


p 7 O p o O p 7 7 xn 

C38 — C22 — C33 — N7 


1 O O O / 1 \ 

-168.27 (17) 


p 1 / XT') pi'") PI") 

Clo — N3 — C12 — C13 


1 A /") \ 

2.0(3) 


p 7 O p O O p 7 7 po a 

C38 — C22 — C33 — C34 


1 O 1 /") \ 

13.1 (3) 


pn xt-i rn /-'-in 

C17 — N4 — C21 — C20 


1 z: //i\ 

1.6 (4) 


XTC POO PO A POC 

N 5 — C23 — C24 — C25 


O H / A\ 

3.7 (4) 


pn tvt/i pn pi 

Czl — JN4 — C17 — CI 


-174.3 (2) 


poo m po a nc 

C22 — C23 — C24 — C25 


1 H £ C /") \ 

176.5 (3) 


p O 1 XT /I /" 1 *7 p 1 0 

C2l — N4 — C17 — C18 


-4.5 (4) 


p o O f ~* O /I PO C P O /" 

C23 — C24 — C25 — C26 


-0.8 (4) 


p 1 \Tr poo r">i 

Col — N5 — C23 — C22 


-13. 1 (3) 


p O /I POC p o /" p o "7 

C24 — C25 — C26 — C27 


-1.2 (4) 


1 XTC POO PO-1 

Co 1 — JN 5 — Cz3 — Cz4 


-1-1 

160.44 (15) 


POC p-)/ PO"7 XTC 

C25 — C26 — Cz / — JN5 


0.6 (?) 


Col— N5— C27— C26 


-162.57 (17) 


N6— C28— C29— C30 


-5.3 (4) 


C23— N5— C27— C26 


2.2 (4) 


C22— C28— C29— C30 


-179.88 (18) 


C27— N5— C23— C22 


-177.9(2) 


C28— C29— C30— C31 


-1.3 (4) 


C27— N5— C23— C24 


-4.4 (4) 


C29— C30— C31— C32 


5.6 (4) 


Col— N6— C28— C22 


16.1 (3) 


C30— C31— C32— N6 


-3.7 (4) 



Acta Cryst. (2014). E70, m96-m97 



sup-18 



supplementary materials 



Col— N6— C28— C29 
Col— N6— C32— C31 
C28— N6— C32— C31 
C32— N6— C28— C22 
C32— N6— C28— C29 
Col— N7— C33— C22 
Col— N7— C33— C34 
Col— N7— C37— C36 
C33— N7— C37— C36 
C37— N7— C33— C22 
C37— N7— C33— C34 



-158.71 (13) 
163.28 (14) 
-2.8 (3) 
-177.87 (17) 
7.3 (3) 
-7.4 (3) 
171.31 (12) 
-173.03 (14) 
2.1 (4) 
177.50 (17) 
-3.8 (3) 



N7— C33— C34— C35 
C22— C33— C34— C35 
C33— C34— C35— C36 
C34— C35— C36— C37 
C35— C36— C37— N7 
N8— C38— C39— C40 
C22— C38— C39— C40 
C38— C39— C40— C41 
C39— C40— C41— C42 
C40— C41— C42— N8 



2.5 (3) 
-178.80 (17) 
0.6 (4) 
-2.3 (4) 
1.0(4) 
-2.3 (4) 
-173.3 (2) 
1.7(4) 
0.2 (4) 
-1.6(5) 



Symmetry codes: (i) x, y, z+1; (ii) —x+l,y—l/2, — z; (iii) x, y, z— 1; (iv) xr 
z+1; (ix) x+l,y, z; (x) -x+2, y+l/2, -z+1; (xi) -x+\, y+l/2, -z+1; (xii) ■ 
(xvi)x+l,>>, z-1. 



1 , y, z; (v) -x+ 1 , y+l/2, -z; (vi) x-l,y,z-l; (vii) -x+ l,y-l/2,-z+l; (viii) x+ 1 , y, 
-x+2, y- 1/2, -z+1; (xiii) x-l,y, z+1; (xiv) -x+2, y-l/2, -z; (xv) -x+2, y+l/2, -z; 
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